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Background: Emerging evidence from general population studies suggests that lesbian, gay, and
bisexual (LGB) adults are more likely to experience adverse cardiovascular outcomes relative to
heterosexuals. No studies have examined whether sexual orientation disparities exist in biomarkers
of early cardiovascular disease risk.

Purpose: To determine whether sexual orientation disparities in biomarkers of early cardiovascular
risk are present among young adults.

Methods: Data come from Wave IV (2008–2009) of the National Longitudinal Study for
Adolescent Health (N¼12,451), a prospective nationally representative study of U.S. adolescents
followed into young adulthood (mean age¼28.9 years). A total of 520 respondents identified as
lesbian, gay, or bisexual. Biomarkers included C-reactive protein, glycosylated hemoglobin, systolic
and diastolic blood pressure, and pulse rate. Analyses were conducted in 2012.

Results: In gender-stratified models adjusted for demographics (age, race/ethnicity); SES (income,
education); health behaviors (smoking, regular physical activity, alcohol consumption); and BMI,
gay and bisexual men had significant elevations in C-reactive protein, diastolic blood pressure, and
pulse rate, compared to heterosexual men. Despite having more risk factors for cardiovascular
disease, including smoking, heavy alcohol consumption, and higher BMI, lesbians and bisexual
women had lower levels of C-reactive protein than heterosexual women in fully adjusted models.

Conclusions: Evidence was found for sexual orientation disparities in biomarkers of cardiovascular
risk among young adults, particularly in gay and bisexual men. These findings, if confirmed in other
studies, suggest that disruptions in core physiologic processes that ultimately confer risk for
cardiovascular disease may occur early in the life course for sexual-minority men.
(Am J Prev Med 2013;44(6):612–621) & 2013 American Journal of Preventive Medicine
Introduction
Sexual orientation has emerged as a robust indicator
of risk for psychiatric morbidity in population-based
surveys both in the U.S.1–3 and abroad.4 Far less is

known about potential sexual orientation differences in
adverse physical health outcomes, with the notable excep-
tion of HIV/AIDS. Recent studies, however, have begun to
address this gap in knowledge. Data from a population-
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based survey in the Netherlands revealed that individuals
engaging in same-sex sexual behaviors reported more
health conditions than those with opposite-sex partners.5

Similarly, adults with a minority sexual orientation (i.e.,
individuals who identify as lesbian, gay, or bisexual [LGB])
in the 2001–2008 Behavior Risk Factor Surveillance Survey
in Massachusetts were more likely than heterosexuals to
report activity limitations caused by disability.6

Within this broader literature on sexual orientation
and physical health outcomes, several studies have
documented elevated risk for certain cardiovascular out-
comes among sexual-minority adults.6–10 For instance,
the prevalence of self-reported hypertension and heart
disease was higher among gay men compared to hetero-
sexual men in the California Quality of Life Survey.7 Data
from the 1999 Los Angeles County Health Survey
indicated that lesbian and bisexual women were more
likely to report a diagnosis of heart disease than were
heterosexual women.8
rican Journal of Preventive Medicine � Published by Elsevier Inc.
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Life-course studies have established that many behav-
ioral (e.g., diet, physical activity, smoking) and social
(e.g., childhood adversity, stress) risk factors for adult
cardiovascular disease (CVD) emerge early in develop-
ment.11–17 Given that LGB youths have higher levels of,
and greater exposure to, both behavioral18–21 and
social22–25 risk factors for CVD relative to heterosexual
youth, sexual orientation disparities in CVD risk factors
may already be evident by young adulthood. The current
study examined this research question using recently
released data from Wave IV of the National Longitudinal
Study of Adolescent Health (Add Health), a nationally
representative cohort study of young adults in the U.S.
Wave IV of Add Health included measures of sexual
orientation, a range of CVD biomarkers, and multiple
potential confounders of the relationship between sexual
orientation and these biomarkers.

For the current paper, the authors chose to examine
CVD biomarkers that are established indicators of
cardiovascular risk, including C-reactive protein (CRP);
glycosylated hemoglobin (HbA1c); systolic and diastolic
blood pressure; and pulse rate. Longitudinal studies
consistently indicate that elevated blood pressure in
adolescence and young adulthood are associated with
the progression and onset of CVD later in life.26–28

In addition, numerous recent studies have indicated that
CRP (a marker of systemic inflammation, tissue damage,
and infection) and HbA1c (a measure of long-term
glycemic control) are associated concurrently and pro-
spectively with greater CVD risk.29–33

There are at least three ways in which sexual orienta-
tion could be associated with these CVD biomarkers.
First, relative to heterosexuals, LGB adolescents and
young adults have higher rates of smoking,18 heavy alco-
hol use,20,21 and, among women, overweight/obesity.19

These behavioral factors predict the development of
CVD and are associated with each of our CVD bio-
markers.34–37 Second, experiences of stress and child-
hood adversity contribute to physiologic changes that
confer risk for our CVD biomarkers, including CRP,
elevations in blood pressure, and HbA1c.38–47 Dispro-
portionate exposure to childhood adversity and other
stressors among LGB populations is well estab-
lished,3,22,23,48–50 and these experiences may in turn
contribute to elevated risk for the CVD biomarkers
examined here in LGB young adults.

Third, a large literature has linked the experience of
racism to a range of CVD biomarkers in African
Americans, including hypertension,51–54 subclinical car-
otid disease,55 coronary artery calcification,56 coronary
artery obstruction,57 and increased CRP.58 This research
suggests that greater exposure to sexual orientation–
related discrimination3,48–50,59 similarly may explain
June 2013
disparities in blood pressure and CRP between LGB
and heterosexual young adults. Based on these three
potential explanations, we hypothesized that LGB young
adults would have higher levels of each of the CVD
biomarkers than their heterosexual peers.

Methods
Sample

Data were drawn from the National Longitudinal Study of
Adolescent Health (Add Health), an ongoing nationally represen-
tative study of adolescents and young adults.60 Add Health
recruited a school-based sample of adolescents in Grades 7–12
in 1994 and has followed respondents into young adulthood.
To date, there have been four waves of data collection. Details
about Add Health have been described previously31 (www.cpc.unc.
edu/projects/addhealth/design). The current study utilized data
from Wave 4.

Wave 1 (1994–1995) utilized a multistage sampling design to
enroll adolescents. A systematic random sample of 80 high schools
was selected proportional to enrollment size and stratified by
region, urbanicity, school type, and percentage of white students;
the largest feeder school for each high school also was invited to
participate. A total of 134 schools (79%) participated. An in-school
survey was completed by 90,118 students, and 20,745 students
participated in a more detailed in-home interview (75.6% and
79.5% of eligible students, respectively). In Wave 4 (2008–2009),
follow-up interviews were completed with 15,701 in-home Wave 1
respondents (80.25% of eligible respondents). Participants ranged
in age from 24 to 32 years. Wave 4 involved an in-home survey and
collection of numerous biological specimens.

In order to be included in the current analyses, respondents
were required to (1) have information about sexual orientation;
(2) have valid data for at least one of the cardiovascular
biomarkers; (3) not be pregnant; (4) have no self-report of HIV/
AIDS or hepatitis C; and (5) have valid data on each of the selected
covariates. Accordingly, 13,789 respondents (94.4% of those with
valid sexual orientation status) constituted the analytic sample for
the present study. As described below, individuals were omitted
also if they self-identified as ‘‘mostly heterosexual.’’ Thus, the final
analytic sample included 12,451 respondents.

Sexual Orientation

Classification of sexual orientation was based on a measure of
sexual identity, which was assessed at Wave 4 with an item asking
respondents to Please choose the description that best fits how you
think about yourself. Six response options were given (numbers
provided correspond to the final sample who met the above
criteria): 100% heterosexual (straight) (n¼11,931); mostly hetero-
sexual but somewhat attracted to people of your own gender (some
attraction) (n¼1,342); bisexual (n¼214); mostly homosexual, but
somewhat attracted to people of the opposite gender (n¼115);
100% homosexual (n¼191); and not sexually attracted to either
men or women (n¼62). Respondents who indicated that they were
not attracted to either men or women or did not answer this item
(n¼64) were excluded.

Consistent with prior studies, the ‘‘mostly homosexual’’ and
100% homosexual groups were combined to increase power.18
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Because of evidence for different risk profiles for LGB men and
women,1,2,4,6 all analyses are shown stratified by gender. Because of
the small sample size of LGB individuals, results are shown
aggregated across lesbian and bisexual women (n¼307) and across
gay and bisexual men (n¼213). Because adult studies on sexual
orientation disparities in CVD risk factors have not included a
‘‘mostly heterosexual’’ group, the authors had no a priori hypo-
thesis about this group and therefore omitted them from analyses.

Cardiovascular Disease Biomarkers
Several cardiovascular biomarkers were collected from Wave 4
respondents. Systolic and diastolic blood pressure were each
measured using an oscillometric blood pressure monitor with an
appropriately sized cuff placed on the right upper arm. Three
blood pressure measurements were taken, separated by 30-second
intervals. Systolic and diastolic blood pressure values represent the
average of the second and third measurements (in mmHg). The
blood pressure monitor also provided information on pulse rate at
each of the three measurements. Pulse rate values represent the
average of the second and third measurements in beats/
minute (bpm).

Blood spot samples were obtained using a finger prick and were
submitted for laboratory analysis of high-sensitivity CRP (mg/L)
and HbA1c (%), reflecting average blood glucose over the
preceding 8–12 weeks.61 Following a standard protocol, trained
interviewers collected blood spots on standardized filter paper
using a sterile disposable lancet. Blood spots were dried overnight
and then frozen until laboratory analysis. CRP was assayed from
blood spots using a highly sensitive standardized enzyme immuno-
assay protocol (coefficients of variation provided in Appendix A,
available online at www.ajpmonline.orghpp).

A validation study compared CRP concentrations of 87 pairs of
plasma and dried blood spot samples and found that they were
strongly correlated in a linear fashion (r¼0.98),62 consistent with
previous validation studies.63 Dried blood spot samples were
adjusted to match serum levels of CRP (plasma CRP¼dried blood
spot CRP/0.4285).62 For analyses of CRP, guidelines were followed
that recommend excluding individuals with values410, because
such values usually indicate infection, trauma, or pathology.64,65

Because of the positively skewed distribution of CRP values, this
measure was transformed to a natural-log scale for analyses, which
normalized the distribution.

Blood spots were assayed for HbA1c using an immunoturbidi-
metric method for HbA1c quantitation and a colorimetric method
for released hemoglobin (Hb) quantitation (coefficients of variation
provided in Appendix B, available online at www.ajpmonline.org).
HbA1c was calculated based on the HbA1c:Hb ratio using the
formula: HbA1c (%) ¼ 2.27 þ 87.6 � (HbA1c C Hb).66 A
validation study compared whole blood values of HbA1c to paired
dried blood spots from 115 Wave 4 respondents. Blood spots
values and a conventional HbA1c assay were strongly associated
(r¼0.99).67 HbA1c values were natural-log-transformed prior to
analysis to normalize the distribution. All of the outcomes were
treated as continuous variables in analyses.

Covariates
The association between sexual orientation and CVD biomarkers
was estimated in a series of models with progressively more
controls for demographics, SES, health behaviors, and BMI. These
four factors were chosen because they are associated robustly with
CVD risk and are an established set of covariates that commonly
are used in the research literature.34–37 Demographic controls
included age and race/ethnicity (non-Hispanic black, non-
Hispanic white, Asian, Hispanic, and multiracial/Native Ameri-
can/Other). SES indicators included annual household income and
educational attainment (Table 1).

Controls for health behaviors included current smoking, alcohol
consumption, and physical activity. Cigarette smoking was defined
as current (daily smoking for the past 30 days); intermittent or
previous (smoking on 1–29 of the past 30 days or was previously a
regular smoker); and none. Alcohol consumption was coded as
heavy (individuals who drink daily or almost daily); light to
moderate (individuals who drinkr5 times per week); and none.68

Physical activity was derived from a standard 7-day physical
activity recall scale. Based on prior research, respondents who
reportedZ5 bouts of moderate-to-vigorous physical activity in the
past week were coded as engaging in regular physical activity.69

Height and weight were assessed using anthropometric methods
for all respondents capable of standing without assistance. Height
was measured in centimeters, while the respondent stood against a
wall with his or her feet flat on the floor. Weight was measured
using a digital scale with a ceiling of 200 kg. A value of 201 kg was
assigned to respondents weighing4200 kg. BMI was calculated by
standard formula.

Interviewers assessed medication use at the Wave 4 in-home
interview. Cardiac medication was a dichotomous variable that
included all classes of medication that may lower blood pressure; it
was used a control variable in models of systolic blood pressure,
diastolic blood pressure, pulse rate, and CRP. Models of CRP
additionally adjusted for use of aspirin and other anti-inflam-
matory drugs in the past 24 hours, and a dichotomous indicator
of the presence of self-reported illness in the past 2 weeks.
Anti-diabetes medication was controlled for in models predicting
HbA1c.

Analysis Plan
Associations of sexual orientation with systolic and diastolic blood
pressure, pulse rate, HbA1c, and CRP were estimated in a series of
progressive linear regression models. Model 1 examined the age-
adjusted association of sexual orientation with each outcome.
Model 2 added controls for race/ethnicity and SES (annual
household income and educational attainment). Model 3 included
additional controls for health behaviors—smoking, alcohol
consumption, and physical activity—and BMI. In all analyses,
post-stratification weights were applied to adjust for selection
probabilities and nonresponse, account for the complex sample
design, and generate nationally representative estimates of associa-
tion. Analyses were conducted in 2012.

Results
Distribution of Cardiovascular Risk Factor
Covariates and Biomarkers by Sexual
Orientation
Distribution of CVD biomarkers and risk factors (i.e.,
demographics, health behaviors, and BMI) across sexual
orientation groups is presented in Table 1. With respect to
CVD biomarkers, gay/bisexual men had lower HbA1c
than heterosexual men. In contrast, gay/bisexual men had
www.ajpmonline.org
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Table 1. Weighted sample characteristics by gender and sexual orientation, National Longitudinal Study of Adolescent Health
(N¼12,451),a % (SE) unless otherwise noted

Men (n¼6438) Women (n¼6013)

Gay or bisexual
(n¼213)

Heterosexual
(n¼6225)

Lesbian or bisexual
(n¼307)

Heterosexual
(n¼5706)

2.92% 97.08% p-value 5.11% 94.89% p-value

Biomarker outcomes

SBP (mean, mmHg) 131.01 (1.28) 129.74 (0.26) 0.31 121.94 (0.91) 120.20 (0.27) 0.07

DBP (mean, mmHg) 84.06 (1.22) 81.62 (0.20) 0.048 77.73 (0.75) 77.27 (0.21) 0.55

Pulse rate (mean,
bpm)

75.64 (1.65) 72.48 (0.25) 0.05 75.78 (0.96) 75.47 (0.23) 0.76

CRP (mean, mg/L) 2.16 (0.23) 2.07 (0.05) 0.69 2.28 (0.15) 2.53 (0.05) 0.13

HbA1c (mean, %) 5.54 (0.04) 5.64 (0.02) 0.02 5.60 (0.05) 5.54 (0.02) 0.32

Age (years; M [SE]) 29.04 (0.19) 29.03 (0.12) 0.94 28.52 (0.16) 28.95 (0.12) o0.01

Race

Black 11.33 (3.36) 14.56 (2.10) 0.36 16.11 (2.86) 16.45 (2.18) 0.25

Asian 2.74 (1.46) 3.12 (0.72) 1.23 (0.82) 3.03 (0.77)

Hispanic 16.90 (4.22) 11.04 (1.66) 10.57 (2.55) 11.00 (1.90)

Multiracial, Native
American, other

6.10 (2.00) 5.54 (0.53) 5.32 (1.47) 5.30 (0.51)

White 62.93 (5.31) 65.74 (2.96) 66.77 (4.19) 64.22 (3.18)

Education

oHigh school 6.65 (2.29) 10.44 (0.95) 0.02 14.89 (2.91) 6.85 (0.70) 0.001

High school degree 11.11 (3.28) 21.61 (1.19) 18.00 (2.96) 14.31 (0.96)

Some college/
technical degree

41.95 (5.70) 41.96 (1.18) 46.66 (3.90) 44.16 (1.11)

Bachelor’s degree 29.72 (5.62) 20.27 (1.31) 17.11 (2.91) 25.51 (1.34)

Graduate degree 10.56 (2.70) 5.72 (0.57) 3.34 (1.35) 9.18 (0.75)

Household income ($)

Missing 6.79 (2.42) 7.05 (0.68) 0.89 10.23 (2.80) 6.97 (0.75) 0.001

0–24,999 14.50 (2.67) 13.79 (0.88) 30.22 (3.56) 17.83 (1.10)

25,000–39,999 18.06 (3.22) 14.72 (0.80) 16.25 (3.10) 15.04 (0.65)

40,000–74,999 29.53 (4.65) 34.31 (1.05) 27.55 (3.31) 33.71 (1.03)

75,000–99,999 14.27 (4.10) 15.23 (0.74) 7.34 (1.74) 13.02 (0.66)

Z100,000 16.86 (3.52) 14.90 (0.85) 8.41 (2.30) 13.43 (0.76)

(continued on next page)
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Table 1.Weighted sample characteristics by gender and sexual orientation, National Longitudinal Study of Adolescent Health
(N¼12,451),a % (SE) unless otherwise noted (continued)

Men (n¼6438) Women (n¼6013)

Gay or bisexual
(n¼213)

Heterosexual
(n¼6225)

Lesbian or bisexual
(n¼307)

Heterosexual
(n¼5706)

2.92% 97.08% p-value 5.11% 94.89% p-value

Smoking status

Current (smoked 30
days in past month)

29.10 (4.25) 27.23 (1.10) 0.92 31.20 (3.82) 20.83 (1.12) o0.0001

Past/intermittent 23.57 (4.11) 23.70 (0.76) 32.45 (3.74) 19.76 (0.87)

Never 47.33 (5.22) 49.07 (1.25) 36.35 (3.77) 59.41 (1.45)

Alcohol consumptionb

Light to moderate
drinker

77.29 (4.00) 73.00 (1.61) 0.54 70.43 (3.51) 67.33 (1.15) 0.047

Heavy drinker 3.68 (1.93) 4.07 (0.32) 5.30 (2.24) 1.23 (0.27)

Abstainer 19.03 (3.51) 22.93 (1.17) 24.27 (3.31) 31.44 (1.15)

Regular physical
activityc

66.82 (4.62) 57.44 (1.06) 0.06 51.33 (4.15) 49.64 (1.12) 0.68

BMI (M [SE]) 27.83 (0.64) 29.06 (0.14) 0.06 30.94 (0.89) 29.09 (0.21) 0.03

Illness, past 2 weeksd 37.30 (5.26) 29.57 (0.80) 0.14 40.84 (3.74) 35.30 (0.91) 0.16

Aspirin and other anti-
inflammatory
medication

25.79 (4.10) 25.29 (0.86) 0.90 39.30 (3.28) 31.90 (0.94) 0.04

Antidiabetic medication 0.67 (0.48) 0.88 (0.18) 0.69 1.83 (1.47) 1.57 (0.25) 0.86

Cardiac medicatione 5.84 (2.23) 3.73 (0.34) 0.34 2.06 (1.06) 3.31 (0.30) 0.26

aTable presents weighted M and % and SE, taking into account the complex sample design. P-values are derived from chi-square tests for categoric
variables, and an ANOVA test for age (i.e., the only continuous variable). Demographic characteristics are presented for respondents with at least one valid
outcome; sample sizes are slightly different across the outcomes: SBP and DBP n¼12,295; pulse rate n¼12,224; CRP n¼9900; HbA1c n¼11,420.

bReflects consumption in the past 12 months; light to moderate alcohol consumption includes individuals who drink up to 5 times per week; heavy
drinkers refers to individuals who drink every day or almost every day.

cRegular physical activity was defined asZ5 bouts of moderate or vigorous physical activity during the past 7 days.
dIllnesses in the past 2 weeks is an indicator variable to reflect self-reported cold or influenza symptoms, fever, nausea, vomiting, diarrhea, night sweats,
blood in stool or urine, frequent urination, or skin rash in the past 2 weeks.

eCardiac medication included all classes of prescription medication that might lower blood pressure (reference¼no).
bpm, beats per minute; CRP, C-reactive protein; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; SBP, systolic blood pressure
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higher diastolic blood pressure, pulse rate, and CRP
than heterosexual men. Lesbian/bisexual women had
marginally higher systolic blood pressure than heterosex-
ual women. With respect to CVD risk factors, gay/bisexual
men had higher educational attainment than heterosexual
men, but had lower BMI. No sexual orientation differences
in the other risk factors were observed for men. In contrast,
lesbian/bisexual women reported more risk factors
for CVD than heterosexual women, including lower
SES (education and income); more unhealthy behaviors
(smoking, greater alcohol consumption); and higher
BMI.
Associations Between Sexual Orientation and
Cardiovascular Biomarkers
Gay/bisexual men and lesbian/bisexual women exhibited
elevations in blood pressure relative to heterosexuals
(Table 2). Gay/bisexual men had higher diastolic blood
pressure than heterosexual men in the unadjusted
model (b¼2.4, po0.01), and this difference became more
pronounced after controlling for SES, health behaviors,
medications, and BMI (b¼3.0, po0.05). Lesbian/bisexual
women had elevated systolic blood pressure compared to
heterosexual women in unadjusted analysis (b¼1.9,
po0.05); however, this association was strongly attenuated
www.ajpmonline.org



Table 2. Results of linear regression analyses for cardiovascular biomarkers by gendera

Men, gay/bisexual Women, lesbian/bisexual

b (SE) Adj. R2 b (SE) Adj. Rb

Systolic blood pressure (mmHg)

Model 1b 1.27 (1.25) 0.001 1.89 (0.95)* 0.004

Model 2c 1.51 (1.28) 0.005 1.52 (0.93) 0.03

Model 3d,e 1.86 (1.19) 0.09 0.78 (0.05) 0.16

Diastolic blood pressure (mmHg)

Model 1b 2.43 (1.22)* 0.01 0.66 (0.77) 0.01

Model 2c 2.70 (1.23)* 0.02 0.37 (0.76) 0.03

Model 3d,e 2.98 (1.20)* 0.09 �0.07 (0.80) 0.11

Pulse rate (bpm)

Model 1b 3.15 (1.62)y 0.003 0.34 (1.00) 0.00

Model 2c 3.74 (1.66)* 0.03 �0.23 (0.99) 0.02

Model 3d,e 4.16 (1.56)** 0.11 �0.14 (0.95) 0.07

Log C-reactive protein (mg/L)

Model 1b 0.12 (0.11) 0.003 �0.08 (0.09) 0.00

Model 2c 0.17 (0.10)y 0.03 �0.12 (0.09) 0.02

Model 3d–f 0.21 (0.09)* 0.22 �0.18 (0.09)* 0.24

Log hemoglobin A1c (%)

Model 1 �0.01 (0.01)* 0.01 0.01 (0.01) 0.001

Model 2 �0.01 (0.01) 0.10 0.01 (0.01) 0.09

Model 3g 0.00 (0.01) 0.28 0.00 (0.01) 0.27

Note: Boldface indicates significance.
aLinear regression analyses were conducted separately by gender. Gay/bisexual and lesbian/bisexual categories were compared to heterosexuals (i.e.,
the reference category). All models take into account the complex sample design, and sample weights. Sample sizes are slightly different across the
outcomes: SBP and DBP n¼12,295; pulse rate n¼ 12,224; CRP n¼9620; HbA1c n¼11,420. Boldface indicates significance.

bModel 1 is adjusted for age.
cModel 2 is adjusted for age; race/ethnicity (ref¼white); education (ohigh school, high school degree, some college/technical degree, bachelor’s
degree, graduate degree, ref¼graduate degree); income ($0–$25K, $25–$40K, $40–$75K, $75–$100K, $100Kþ; ref¼$100Kþ).

dModel 3 is adjusted for covariates in Model 2 plus smoking (never, previous/intermittent, regular smoker; ref¼never); regular physical activity
(dichotomous; ref¼regular exercise); alcohol consumption (heavy, moderate, abstainer; ref¼abstainer); and BMI.

eModel is additionally adjusted for cardiac medication use (ref¼no cardiac medication).
fModel is additionally adjusted for self-reported illness in past 2 weeks (see details in Table 1; ref¼no self-reported illness in past 2 weeks) and aspirin
or other anti-inflammatory medications in the past 24 hours (ref¼no aspirin or other anti-inflammatory medication use in past 24 hours).
gModel is additionally adjusted for antidiabetic medications (ref¼no antidiabetic medication).
ypo0.10; *po0.05; **po0.01; ***po0.0001
Adj., adjusted; bpm, beats per minute; CRP, C-reactive protein; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; SBP, systolic blood pressure
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and became nonsignificant after adjustment for SES, health
behaviors, medication use, and BMI.

Gay/bisexual men had marginally elevated pulse rate
relative to heterosexual men in unadjusted analysis
(b¼3.2, po0.10), and this difference became more
June 2013
pronounced after adjusting for all covariates (b¼4.2,
po0.01). No sexual orientation differences in pulse rate
were observed for women. Although no associations were
observed between sexual orientation and CRP in unad-
justed analysis, gay/bisexual men had higher levels of
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CRP than heterosexual men (b¼0.2, po0.05) in models
adjusted for SES, health behaviors, medication use, and
BMI. In contrast, lesbian/bisexual women had lower
levels of CRP than heterosexuals (b¼�0.2, po0.05) in
the fully adjusted models.

Sensitivity analyses of CRP were conducted stratifying
by self-reported illness in the past 2 weeks. Results
(Appendix C, available online at www.ajpmonline.org)
were similar for men and women with and without self-
reported illness. Finally, although gay/bisexual men had
lower HbA1c levels than heterosexual men, these asso-
ciations were nonsignificant after adjustment for cova-
riates. All analyses were re-run using list-wise deletion
(Appendix D, available online at www.ajpmonline.org),
and the direction and magnitude of the results remained
unchanged from the complete cases analyses reported
above. Models that depict the association between each
covariate and outcome separately are provided in
Appendixes A, B, E–G (available online at www.ajpmon
line.org).

Discussion
Results from the current study indicate that sexual
orientation disparities in CVD biomarkers emerge at a
relatively early age. Using data from a nationally repre-
sentative study of young adults, the study showed that
gay/bisexual men had elevations in diastolic blood
pressure, CRP, and pulse rate compared to heterosexual
men. These disparities were robust to adjustment for
potential confounding factors, including demographics,
SES, health behaviors, and BMI. In fact, associations
between sexual orientation and the CVD biomarkers
typically became stronger among men after controlling
for these additional risk factors. This is the first study, to
our knowledge, to document sexual orientation dispar-
ities in measured biomarkers for cardiovascular risk
among young adult men, suggesting that these dispa-
rities emerge earlier in the life course than previously
recognized.

In contrast to the results for men, there were no sexual
orientation differences in any of the CVD biomarkers
among women, with the exception of CRP, which was
lower among lesbian/bisexual women. Previous studies
with adults have documented that lesbians report higher
levels of heart disease than heterosexual women.8

Consequently, it appears that disparities in CVD emerge
later in the life course for lesbian/bisexual women than
for gay/bisexual men. This finding is consistent with
studies showing that women in general have delayed
risk for CVD compared to men.70,71 It also is possi-
ble that the pathways linking sexual orientation to
changes in inflammatory markers operate differently in
sexual-minority men and women. Further research is
needed to understand why lesbian/bisexual women have
lower levels of CRP than heterosexual women, despite
having more CVD risk factors (i.e., smoking, drinking,
and higher BMI).
Limitations
Although this study provides novel information regard-
ing developmental precursors of adult CVD among LGB
populations, the study has certain limitations. First, given
small numbers of LGB respondents from racial/ethnic
groups, it was not possible to examine interactions
between sexual orientation and race/ethnicity, an addi-
tional risk factor for CVD.56 Future studies with larger
samples of racial/ethnic sexual minorities will provide an
opportunity to determine whether the intersection of
multiple stigmatized identities potentiates risk for CVD
biomarkers. Second, the number of LGB respondents was
too small to conduct analyses separately for gay/lesbian
and bisexual respondents. Results from studies with LGB
adults have indicated that patterns of cardiovascular risk
factors are not always consistent across sexual orientation
groups.6 This analytic approach may therefore have
obscured important subgroup differences.

Third, sexual orientation is a multidimensional con-
struct including measures of sexual attraction, sexual
behavior, and sexual identity. The current study used a
single-item measure of sexual identity. Although this is a
widely used measure that is correlated with the other
dimensions of sexual orientation, future studies would
benefit from additional measures of this construct to
more comprehensively define the study population.72

Finally, some important biomarkers (e.g., lipids) were not
collected in Add Health; thus, it is unclear whether the
current results are generalizable to other cardiometabolic
risk factors.
Strengths
This study also has a number of noteworthy strengths,
including data from a nationally representative sample.
Many studies on the health of sexual minorities rely on
convenience samples that use nonrandom sampling,
which can produce biased associations between sexual
orientation and health outcomes.3,73 The use of a
population-based sample in the current study overcomes
many of these limitations and increases the generalizability
of the findings. Add Health also had a relatively large
number of LGB respondents. This sample therefore
provided adequate statistical power to stratify analyses
by gender, which revealed important gender differences in
the outcomes that are often obscured in population-based
studies with smaller sample sizes of LGB individuals.48
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An additional methodologic strength is the use of
measured biomarkers, rather than self-report measures
of these risk factors. Finally, Add Health included a wide
array of sociodemographic and behavioral measures that
afforded the opportunity to control for several potential
confounders of the relationship between sexual orienta-
tion and CVD biomarkers. These measures strengthen
confidence that the observed associations are not simply
reflecting differences in demographics or health behav-
iors as a function of sexual orientation.

Conclusion
There are currently no evidence-based interventions for
cardiovascular risk that address the general6,74–76 and
unique3 risk factors for CVD in LGB populations. The
identification of mechanisms underlying the relationship
between sexual orientation and cardiovascular risk will
aid in the development of effective public health inter-
ventions that have the potential to reduce sexual ori-
entation disparities in CVD, an important goal outlined
in Healthy People 2020.77
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